In the present study the chemical compositions of the essential oils from aerial parts of Centaurea davidovii Urum. and C. parilica Stoj. & Stef., both endemic to Bulgaria, were evaluated by GC and GC-MS. The main components of C. davidovii were β-eudesmol (13.9%), spathulenol (13.3%), caryophyllene oxide (10.1%) and (Z)-phytol (5.4%). The main components of C parilica were hexadecanoic acid (39.2%), (Z,Z)-9,12-octadecadienoic acid (11.9%), caryophyllene oxide (6.8%) and spathulenol (6.6%). In order to compare the essential oils composition of these taxa and of related species a PCA analysis was carried out.
The genus Centaurea is one of the largest and taxonomically most difficult genera of the tribe Cardueae, Asteraceae [1] . Depending on the classification used, the genus comprises between 200 and 700 species of annual, biennial and perennial grassy plants, rarely dwarf shrubs in the Old World [2] . East Anatolia and the Transcaucasus are the primary centre of origin and diversity; the Mediterranean area and the Balkan Peninsula are secondary centres [3] . In the Bulgarian flora Centaurea s.l. is represented by more than 75 species, and it is the genus richest in endemics [4] [5] . Centaurea species have been mostly studied for sesquiterpene lactones [6] , flavonoids [7] and alkaloids. The antifungal [8a] , antibacterial [8b] and cytotoxic [9] activities of its sesquiterpene lactones have been reported and their biological properties have been recently reviewed [6] . A number of papers have been published on Centaurea volatiles [10] .
In the present study, as a continuation of our research on this genus [11] , we have investigated the volatile components of the aerial parts of the local endemic C. davidovii Urum., growing in a very restricted area of distribution in the Stara planina Mt. (Central) floristic region in Bulgaria [12] , and C. parilica Stoj. & Stef. that is a Balkan endemic, distributed in Bulgaria and Greece [5] . C. davidovii and C. parilica both belong to sect. Lepteranthus (DC.) Dumort, which is the richest in species and subspecies of the subgenus Jacea, represented in Europe by approximately 45 species [5] . The roots and seeds of the species from this section are diaphoretic, diuretic, tonic, vulnerary and have a very high reputation as a healer of wounds [13] . To the best of our knowledge, only two reports on species belonging to Sect. Lepteranthus (C. stenolepis Kerner [14a] and C. montis-borlae Soldano [14b]) have been previously published, and recently the composition of the surface flavonoids of C. davidovi and C. parilica has been reported [14c].
Hydrodistillation of the aerial parts of C. davidovii (CD) and C. parilica (CP) collected in Bulgaria gave two pale yellow oils. Overall, 78 compounds were identified (64 in CD and 28 in CP), representing 91.2% and 90.1% of the total components, respectively. The components are listed in Table 1 according to their retention indices on a HP-5MS column and are classified on the basis of their chemical structures into eight classes. The composition of the two oils is quite different, although a few similarities can be pointed out. In fact, the main class of CD is represented by oxygenated sesquiterpenes (48.2%), with βeudesmol (13.9%), spathulenol (13.3%) and caryophyllene oxide (10.1%) as principal constituents of this class and of the oil. On the other hand, CP is less rich in oxygenated sesquiterpenes (18.1%) and, although spathulenol (6.6%) and caryophyllene oxide (6.8%) are present in good amount, β-eudesmol is absent. The main class of CP is represented by fatty acids (56.1%), with hexadecanoic acid (39.2%) and (Z,Z)-9,12-octadecadienoic acid (11.9%) predominant; these are almost absent in CD. Both oils are characterized by the absence of monoterpene hydrocarbons and phenolic compounds, whereas the quantity of carbonylic compounds is quite different (12.3% in CD and 3.7% in CP, respectively) . Finally, a similar amount of phytol derivatives [(Z)-phytol, 5.4% in CD and (E)-phytol, 4.5% in CP] has been detected in both oils.
Comparison of the data reported herein with those available in the literature allows some consideration. C. stenolepis (CS) evidences a similar composition to that of C. davidovii (Table 1) , and consequently a quite different profile with respect to C. parilica. In fact CD and CS have similar amounts of hydrocarbons, carbonylic compounds, with hexahydrofarnesyl acetone as the main compound of this class (5.2% in CD and 6.5% in CS, respectively), monoterpenes and sesquiterpene hydrocarbons. In both oils (CD and CS) the main class is represented by oxygenated sesquiterpenes, although their composition differs (germacrene D 4-ol and epicedrol are absent in CD and spathulenol and β-eudesmol are absent in CS). As for the other taxa belonging to sect. Lepteranthus, C. montis-borlae (CM) is practically devoid of monoterpenes (0.9%) and contains a good quantity of sesquiterpenes (28.3%), although sesquiterpene hydrocarbons (19.3%) are present in larger amount than in the other species, and oxygenated sesquiterpenes in lesser amount [16] . The large quantity of linear alcohols (25.8%), with (Z)-3-hexen-1-ol (20.4%) as the main compound, is noteworthy.
Furthermore, it is quite interesting to point out that C. nigrescens (CN), belonging to section Nigrescentes, which is closely related to sections Lepteranthus [15] , shows an extremely close profile [14a] of fatty acids and oxygenated sesquiterpenes with respect to C. davidovii (Table 1 ). In fact, in CN as in CD, β-eudesmol, spathulenol and caryophyllene oxide are the main components of the class and of the oil. Some differences are represented by the presence in CN of phenolic compounds, of a lesser amount of carbonylic compounds and of a larger quantity of sesquiterpene hydrocarbons.
In conclusion, as stated before [14a] , we can affirm a close relationship of the two sections Lepteranthus and Nigrescentes. In fact, C. davidovii (sect. Lepteranthus), C. stenolepis (sect. Lepteranthus) and C. nigrescens (sect. Nigrescentes), although having different profiles, show several similar features, such as the presence of caryophyllene oxide as one of the main components, the absence of monoterpene hydrocarbons and the same composition of the hydrocarbon fraction. Also, C. parilica (sect. Lepteranthus), which at a first sight can look different from the other three taxa, shows caryophyllene oxide as one of the main components and a very low amount of monoterpenes, whereas its larger quantity of fatty acid can be justified, since these compounds are typical constituents of epicuticular waxes [16] . In C. montis-borlae monoterpenes are absent, but the presence of a large amount of linear alcohols shows a peculiar position of this taxon in sect.
Lepteranthus.
The PCA statistical analysis (Fig. 1 ) on the composition of the essential oils of the five species of Centaurea showed a close similarity among CD, CN and CS, rich in oxygenated sesquiterpenes. CM and CP are distinct from these and, in particular in the former, sesquiterpene hydrocarbons prevail, whereas in the oils of CP, fatty acids are the most abundant metabolites. It is worthy to mention that CM is the only species of non Balkan origin.
Experimental
Plant material: Aerial parts of Centaurea davidovi (CD) were collected, at the full flowering stage, above the refuge Mazalat, Stara Planina (Central) Mt., (Bulgaria), in October 2013, whereas aerial parts of C. parilica (CP) were collected, at the full flowering stage, on Slavyanka Mt., Koynarite locality (Bulgaria), in July 2013. The voucher specimens (respectively SOM-169947 and SOM-169948) are deposited in the Herbarium of the Institute of Biodiversity and Ecosystem Research (SOM), Bulgarian Academy of Sciences, Sofia.
Essential oil extraction:
The oils from air-dried and ground aerial parts of plants were obtained by hydrodistillation, as previously described [17a] . The samples yielded 0.085% (CD), and 0.036% (CP) of yellow oils (w/w), with a pleasant smell, respectively.
Qualitative and quantitative analyses of essential oil:
The GC analysis was carried out with a Perkin-Elmer Sigma 115 gas chromatograph equipped with a flame ionization detector (FID), while GC-MS was recorded on an Agilent 6850 Ser. II apparatus coupled to an Agilent Mass Selective Detector MSD 5973, as previously described [17a] . Identification of constituents was made as elsewhere reported [17b].
Statistical analysis:
The principal component analysis (PCA) was carried out using the software Primer 6 [18] 
